Recently, there has been a global decline in the fertility of lactating dairy cows, including in Japan. In addition, there is great concern that repeat breeding is one of the most critical reproductive disorders in cattle. Repeat breeders are generally described as subfertile animals without any anatomical or infectious abnormalities that do not become pregnant until after three or more breeding attempts, or that remain infertile after numerous services \[[@r1]\]. The incidence of repeat breeding in cattle has been reported as 14% in Japan \[[@r2]\], 9% in the UK \[[@r3]\], 10% in Sweden \[[@r4]\], 25% in Spain \[[@r5]\], and 22% in the USA \[[@r6]\]. Repeat breeding is one of the most important factors affecting economic success in farm management, including the increasing demand of frozen semen, cost of insemination labor, and days open of cows.

The physiological cause of the repeat breeding phenomenon is likely to vary considerably and be multifactorial. Some investigations found endocrine dysfunction in repeat breeder cattle, including higher levels of progesterone (P4) with low levels of estradiol during estrus, delayed luteinizing hormone surge and resulting in the aging of oocytes and abnormal fertilization, and a slow increase in P4 levels during the early luteal phase associated with low pregnancy rates \[[@r7],[@r8],[@r9]\]. It is also known that qualitative changes in oocytes and follicular fluids of repeat breeder cattle occur, and result in either fertilization failure or early embryonic death \[[@r10],[@r11],[@r12],[@r13],[@r14]\]. In addition, intrauterine cytokine regulatory mechanism disorder is one of the causes of repeat breeding. Katagiri *et al*. \[[@r9]\] reported that decreased epithelial growth factor (EGF) in the endometrium on days 3 and 14 clearly distinguished repeat breeder cows from healthy control cows. Because repeat breeder syndrome is a complex disease, it is difficult to elucidate the precise onset mechanisms.

Many treatments have been proposed for the prevention of repeat breeding syndrome at both the herd and individual levels. For example, treatments, including gonadotropin-releasing hormone (GnRH), progesterone formulation (controlled internal drug release; CIDR), exogenous estradiol benzoate, prostaglandin (PG), and combinations of these, have been implemented, and improved conception rates were reported in repeat breeder dairy cattle \[[@r15],[@r16],[@r17]\]. Remarkably, it has been proposed that embryo transfer (ET) following artificial insemination (AI) could be used as an assisted reproductive technology to improve the conception rate of repeat breeder cattle \[[@r1], [@r8]\]. Once pregnancy is established, embryonic trophoblast cells produce and secrete interferon tau (IFNT), a well-known pregnancy recognition signal in ruminants \[[@r18]\]. This would induce maternal recognition of the embryo and result in the suppression of luteolytic PGF~2α~ from the uterus \[[@r19], [@r20]\]. Therefore, it is speculated that the higher pregnancy rate of ET following AI in repeat breeder cattle is due to the increased release of IFNT from the added embryos \[[@r1]\]. However, the exact reason why this technique improves the conception rate in cattle with reduced fertility is unknown.

Therefore, in the present study, we investigated the improvement in the conception rate of repeat breeder cattle in a large-scale field study using ET following AI. To test the hypothesis that added embryos produce and secrete IFNT to support and establish pregnancy in repeat breeder cattle, interferon-stimulated gene (ISG) 15, a marker gene of IFN response, was determined in the peripheral blood samples of repeat breeder cattle, with or without ET following AI. Finally, we checked the potential of the embryos produced via *in vitro* fertilization (IVF) for IFNT production and IFN responsiveness to other cells.

Materials and Methods {#s1}
=====================

For in vivo experiment: In vitro maturation and fertilization
-------------------------------------------------------------

*In vitro* maturation and fertilization were carried out as previously described \[[@r21]\]. In brief, bovine ovaries obtained from a local slaughterhouse were transported to the laboratory. The cumulus-oocyte complexes (COCs) were aspirated from the follicles (2--5 mm in diameter) and washed three times in TCM-199 (Gibco BRL, Rockville, MD, USA) containing 20 mM HEPES supplemented with 5% fetal bovine serum (FBS; HyClone, GE Healthcare UK, Buckinghamshire, England). The COCs were matured for 20--21 h at 38.5°C in a humidified atmosphere with 2% CO~2~. Matured oocytes were inseminated with frozen-thawed semen from a Japanese Black bull (adjusted to 2 × 10^7^ cells/ml) for 5 h at 38.5°C in a humidified atmosphere with 5% CO~2~ in the air, in 1 ml of BO solution containing 10 mg/ml bovine serum albumin and 10 µg/ml heparin.

For in vivo experiment: In vitro culture and embryo freezing
------------------------------------------------------------

After IVF, oocytes surrounded with cumulus cells were placed in fresh TCM-199 medium, and the embryos were co-cultured with cumulus cells, as previously described \[[@r21]\]. The culture medium was changed every 2 days. After 7 days of culture post-IVF, embryos that had developed into blastocysts with good-quality grade (grades 1 or 2) were frozen in 1.4 M glycerol in modified TCM-199 containing 20 mM HEPES and 0.35 mg/ml sodium bicarbonate supplemented with 5% FCS. Embryos were transferred directly into freezing medium, and each embryo was loaded into a 0.25 ml plastic straw (Fujihira, Tokyo, Japan). The straws were placed in an alcohol bath in a programmable freezer (EYELA, Tokyo, Japan) precooled to --6°C. After 1 min, the straws were seeded, maintained for another 9 min, then cooled to --25°C at a rate of --0.33°C/min and kept at 5 min before being plunged into liquid nitrogen.

For in vivo experiment 1: Recipient animals and embryo transfer
---------------------------------------------------------------

Holstein heifers and cows (diagnosed as repeat breeders) from dairy farms in the east Hokkaido region of Japan were used as recipients, as defined by a previous study \[[@r1]\]. In brief, repeat breeder cows had the following characteristics: (1) detectable estrous behavior but occasionally abnormal estrous cycles; (2) healthy uterus and ovaries as determined by transrectal palpation; and (3) the inability to conceive after three or more inseminations following normal estrous behavior. In *in vivo* experiment 1, ET was performed between 2013 and 2016. An embryo was transferred 7 or 8 days after AI (using commercially available frozen-thawed semen from Japanese Black bulls). Insemination was performed with a single straw after thawing by immersion in a 35--38°C water-bath. The embryo was non-surgically transferred into the uterine horn, ipsilateral to the ovary with corpus luteum. Pregnancy was determined by transrectal palpation on days 40--60 after insemination.

For in vivo experiment 2: Recipient animals, embryo transfer, and blood collections
-----------------------------------------------------------------------------------

Similar to experiment 1 as described above, 301 repeat breeder Holstein cattle from dairy farms in the east Hokkaido region were used. Briefly, the animals were divided into two groups: Group 1 (n = 51) received AI with sham (injected only with embryonic cryopreservation solution), and Group 2 (n = 250) received AI with ET on days 7--8. For 17 or 16 repeat breeder cattle in each group, blood samples were taken on days 14 and 21 of the estrous cycle. Pregnancy was determined by transrectal palpation on days 40--60 after insemination.

To investigate changes in mRNA expression, whole blood was applied to the Blood RNA Card (FortiusBio LLC, San Diego, CA) following the manufacturer's protocol. The cards were dried for 2 h, then frozen at --20°C, and subsequently shipped to the university and stored until analysis.

For in vitro experiment: In vitro embryo production and collection of conditioned medium
----------------------------------------------------------------------------------------

*In vitro* maturation, fertilization, and culture were performed in the same manner as described above. After IVF, oocytes surrounded by cumulus cells were placed in fresh TCM-199 medium, and embryos were co-cultured with cumulus cells (100 fertilized embryos/1 ml of culture medium). After 8 days of culture from the day of IVF, the growth status of the embryos was confirmed, and the culture medium was collected in five independent experiments. Of these culture--conditioned media (CM), there were 15.3 hatched blastocysts and 38.6 blastocyst embryos on average. The CM samples (n = 5) were frozen and stored until the following experiment.

For in vitro experiment: Preparation of splenic immune cells and treatment of IFNT or CM of embryo culture
----------------------------------------------------------------------------------------------------------

To investigate the effect of IFNT or CM of embryo culture on other cells, we used splenocytes as a representative example of immune cells because they are similar to peripheral blood immune cells, and the spleen is also affected by pregnancy \[[@r22]\]. Splenic immune cells were isolated from bovine spleen tissue from a local slaughterhouse. In brief, splenic tissue was cut into small pieces, minced in PBS containing heparin and antibiotics (amphotericin B and gentamicin, Sigma-Aldrich, St, Louis, MO, USA) and centrifuged at 500 × *g* for 10 min. The pellet was resuspended and filtered (70 µm, Corning Incorporated, Corning, NY, USA). The cells were washed, treated with Ammonium--Chloride--Potassium (ACK) lysing buffer (Thermo Fisher Scientific, Tokyo, Japan) for the lysis of red blood cells, and resuspended in RPMI 1640 medium (Life Technologies, Carlsbad, CA, USA) with 5% FBS. Next, splenic immune cells were treated with or without recombinant bovine IFNT (1, 10, or 100 ng/ml) \[[@r23]\] or the CM of control cells (cumulus cells only, without embryos) and IVF embryos, as described above for 6 h at 38°C. After incubation, cells were collected using ISOGEN II (Nippon Gene, Tokyo, Japan) to analyze mRNA expression, and stored --80°C until analysis.

For in vitro experiment: ISG15 promoter luciferase assay
--------------------------------------------------------

To investigate IFNT activity in the CM from the embryo culture, we used MDBK cells transfected with the ISG15 promoter-reporter vector \[[@r24]\]. In brief, the flanking region of --1150 to +50 upstream of the bovine ISG15 gene \[[@r24]\] was used as the promoter for the secreted *Metridia longa* luciferase (Takara Bio, Shiga, Japan) reporter gene. The reporter vector and the CAG promoter-driven DsRed expression vector were co-transfected into MDBK cells by electroporation, and after 5 days, DsRed-positive cells were enriched using a MoFlo Astrios cell sorter (Bechman Coulter, Indianapolis, IN, USA). The cells were seeded at a density of 1.0 × 10^5^ cells/well into 96-well cell culture plates using DMEM/F-12 (Sigma-Aldrich, St. Louis, CA, USA) containing antibodies and 5% FBS for 24 h. The cells were incubated with or without recombinant bovine IFNT (10 or 100 ng/ml) or the CM of control cells (cumulus cells only, without embryos) and IVF embryos as described above, for 2, 4, 8, 12, 18, or 24 h. After collecting the cultured medium of MDBK cells, luciferase activity was measured using the Luciferase Reporter Assay System (Promega, Madison, WI, USA) in accordance with the manufacturer's protocol. Fluorescence was measured using a microplate reader (Spark 10M; TECAN Group, Männedorf, Switzerland).

RNA extraction, cDNA production, and real-time PCR
--------------------------------------------------

Total RNA was prepared using ISOGEN II according to the manufacturer's instructions. RNA extraction and cDNA production were performed with a commercial kit (ReverTra Ace; Toyobo, Osaka, Japan). Real-time quantitative PCR was performed with the CFX Connect^TM^ Real Time PCR system (Bio-Rad, Hercules, CA, USA) and a commercial kit (Thunderbird SYBR qPCR Mix; Toyobo) to detect the mRNA expressions of *ISG15*, *MX dynamin like GTPase 1* (*MX1*), *MX dynamin like GTPase 2* (*MX2*), or *glyceraldehyde 3-phosphate dehydrogenase* (*GAPDH*). The primers used for real-time PCR were as follows: forward, 5′-GGTATGATGCGAGCTGAAGCACTT-3′ and reverse, 5′-ACCTCCCTGCTGTCAAGGT-3′ for ISG15 (accession no. NM_174366); forward, 5′- GTCCCTGCTAACGTGGACAT-3′ and reverse, 5′- ACCAGGTTTCTCACCACGTC-3′ for MX1 (accession no. NM_173940); forward, 5′- GGACAGCGGAATCATCAC-3′ and reverse, 5′- CTCCCGCTTTGTCAGTTTCAG-3′ for MX2 (accession no. NM_173941); forward, 5′- ACAGTCAAGGCAGAGAACGG-3′ and reverse, 5′- CCACATACTCAGCACCAGCA-3′ for GAPDH (accession no. NM_001034034). RT-qPCR was performed in duplicate with a final reaction volume of 20 µl containing 10 µl of SYBR Green, 7.8 µl of distilled water, 0.1 µl of 100 µM forward and reverse primers, and 2 µl of cDNA template. The amplification program consisted of a 5 min denaturation at 95˚C followed by 40 cycles of amplification (95˚C for 15 sec, 60˚C for 20 sec, and 72˚C for 10 sec). The expression levels of each target gene were normalized to the corresponding GAPDH threshold cycle (CT) values using the ΔΔ CT comparative method \[[@r25]\]. The relative amount of each PCR product was also calculated in comparison, using GAPDH as the international standard.

Statistical analysis
--------------------

All data are presented as means ± SEM. The statistical significance of differences was assessed by Student's *t*-test or one-way ANOVA followed by Bonferroni's multiple comparison test. Probabilities less than 5% (P \< 0.05) were considered significant.

Results {#s2}
=======

Effects of ET following AI in repeat breeder cattle: field test
---------------------------------------------------------------

As shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Pregnancy rates after the transfer of IVF embryos following AI into repeat breeder Holstein cattleParityYearNo. of transfersNo. of AIs before experiment (average)No. of pregnancies% pregnanciesHeifer2013734.814257.52014795.934354.420151246.467157.220161026.443736.34 years3785.9119351.1Cow20131467.197249.320142416.8111447.320152546.869637.820161036.225149.54 years7446.7733344.8All4 years11226.3452646.9, a total of 1122 repeat breeder cattle (378 heifers and 744 cows) were given IVF embryo transfers following AI within a 4-year timespan (2013--2016). The number of AIs on average was 5.91 in heifers, 6.77 in cows, and 6.34 in total cattle before this experiment. As a result of ET following AI, pregnancy rates were 51.1% in heifers, 44.8% in cows, and 46.9% in total cattle.

In this 4-year field test, we were able to obtain calving information from 381 of 526 pregnant repeat breeder cattle. The resulting proportion of single calves was 81.6% (311/381 cattle) and the proportion of twin calves was 18.4% (70/381 cattle).

Effects of ET following AI in repeat breeder cattle: basic test
---------------------------------------------------------------

As shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Pregnancy rates after the transfer of IVF embryos following AI in repeat breeder Holstein cattleTreatmentsNo. of transfersNo. of pregnancies% pregnanciesAI + sham47 (17)11 (4)23.4 (23.5) ^a^AI + ET250 (16)122 (7)48.8 (43.8) ^b^Numbers in parentheses indicate individuals analyzed with blood sampling. ^a,\ b^ Different superscript indicates significant differences (P \< 0.05)., a total of 301 repeat breeder cattle were used in the basic test. The recipients had been artificially inseminated anywhere from 3 to 17 times prior to being submitted to the basic test. The pregnancy rates in the AI + ET group (48.8%; ET of IVF embryos following AI) were significantly higher than those of the AI + sham group (23.4%; injection of cryopreservation solution only), suggesting the promising potential of ET subsequent to AI as a tool to improve the fertility of repeat breeder cattle.

In this experiment, blood samples were collected on days 14 and 21 from 33 repeat breeder animals to investigate the effect of ET on the mRNA expression of ISGs in white blood cells. [Figure 1](#fig_001){ref-type="fig"}Fig. 1.mRNA expression of ISGs in white blood cells obtained from AI + sham and AI + ET in repeat breeder cattle. Blood samples were collected on day 14 after estrus (7 days after administration of sham or ET), and the mRNA expression of ISGs, such as ISG15 (A), MX1 (B), and MX2 (C), was determined in the AI + sham (white bars, n = 17) and AI + ET groups (black bars, n = 16). All values are shown as the mean ± SEM (relative to GAPDH mRNA levels). \* indicates significant differences (P \< 0.05) as determined by Student's *t*-test. shows the representative mRNA expression of ISGs, such as ISG15, MX1, and MX2, on day 14 after estrus (7 days after administration of sham or ET). The mRNA expressions of ISG15 and MX2 were significantly higher in the AI + ET group than those in the AI + sham group, whereas there were no differences in the mRNA expression of MX1 between these groups.

To examine the effect of ET following AI on pregnancy, we focused on ISG15 and MX2 mRNA expression, which we compared between the pregnant and non-pregnant groups on days 14 and 21 in the AI + ET group ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.mRNA expression of ISG15 and MX2 in white blood cells treated with ET following AI in repeat breeder cattle. Blood samples were collected on days 14 and 21 after estrus (7 and 14 days after ET), and the mRNA expression of ISG15 (A) and MX2 (B) was determined in the pregnant (solid line, n = 8) and non-pregnant (dashed line, n = 8) groups. All values are shown as the mean ± SEM (relative to GAPDH mRNA levels). \* indicates significant differences (P \< 0.05) as determined by Student's *t*-test.). The mRNA expressions of ISG15 and MX2 within the white blood cells clearly increased from day 14 to day 21 during pregnancy, which was not observed in non-pregnant repeat breeder cattle. Thus, the mRNA expressions of ISG15 and MX2 were significantly higher in the white blood cells of pregnant repeat breeders than in those of non-pregnant repeat breeders on day 21 after estrus. These findings suggest that adding embryos subsequent to AI produces IFNT, increasing the mRNA expression of ISGs in peripheral blood immune cells; this may contribute to successful pregnancies in repeat breeder cattle.

Effect of embryo CM and IFNT on ISG15 mRNA expression in splenic immune cells
-----------------------------------------------------------------------------

To investigate our hypothesis that added embryos produce IFNT and affect other cells, including peripheral immune cells, we examined the effect of the CM of IVF embryos on splenic immune cells *in vitro*. First, we examined whether splenic immune cells respond to IFNT. As shown in [Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Effect of embryo CM and IFNT on ISG15 mRNA expression in splenic immune cells. Splenic immune cells were isolated from the bovine spleen and treated with or without recombinant bovine IFNT (1, 10, or 100 ng/ml) or the CM of control cells (cumulus cells without embryos) and IVF embryos for 6 h. Then, ISG15 mRNA expression was determined (n = 5, each group). \* indicates significant difference (P \< 0.05) as determined by one-way ANOVA followed by Bonferroni's multiple comparison test., recombinant IFNT significantly stimulated *ISG15* mRNA expression in a dose-dependent manner, indicating that splenic immune cells have an IFNT responsiveness similar to that of peripheral immune cells. Next, we treated the CM of control cells (cumulus cells only, without embryos) and IVF embryos in splenic immune cells. Similar to recombinant IFNT treatment, *ISG15* mRNA expression was clearly stimulated by treatment with the CM of IVF embryos.

Effect of embryo CM and IFNT on ISG15 gene promoter activity
------------------------------------------------------------

To confirm the effect of cultured IVF embryos on ISG15 transcription, we used MDBK cells with stably introduced ISG15 promoter-reporter constructs treated with recombinant IFNT or CM. The cells demonstrated a specific increase in reactivity with IFNT and the CM of IVF embryos, but not the cultured control CM, in a time-dependent manner ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Effect of embryo CM and IFNT on ISG15 gene promoter activity. MDBK cells transfected with the ISG15 promoter-reporter vector were used. The cells were incubated with or without recombinant bovine IFNT (10, or 100 ng/ml) or the CM of control cells (cumulus cells without embryos) and IVF embryos for 2, 4, 8, 12, 18, or 24 h (n = 3--4 in each treated group each time). After collecting the cultured medium of MDBK cells, the luciferase activity was measured using the Dual-Luciferase Reporter Assay System. \* indicates a significant difference compared to the control in each incubated time (P \< 0.05), as determined by one-way ANOVA followed by Bonferroni's multiple comparison test.). These findings suggest that IVF embryos, transferred *in vivo*, have the potential to produce and release IFNT, resulting in the stimulation of ISG15 gene expression.

Discussion {#s3}
==========

In the present study, we conducted a field test with over 1000 repeat breeder animals, in which approximately 50% of repeat breeder cattle could become pregnant by ET following AI, even when unable to conceive via AI on multiple occasions. In addition, to clarify the effect of adding embryos, we compared the pregnancy rates between sham operations of ET following AI (no embryo; AI + sham) and ETs following AI (AI + ET) in repeat breeder cattle, which resulted in significantly higher pregnancy rates in treatments with AI + ET in repeat breeder cattle. Moreover, Dochi *et al*. \[[@r1]\] and Canu *et al*. \[[@r8]\] compared the pregnancy rates between ETs following AI and ETs only (without AI) in repeat breeder cattle, and reported the higher pregnancy rates in treatments with ETs following AI than with ETs only. On the other hand, protocols with both CIDR-based timed AI (i.e., AI only) and the synchronization of ovulation for fixed-timed ET (i.e., ET only) displayed low pregnancy rates (8% or 18%, respectively) in repeat breeder dairy cows \[[@r15], [@r16]\]. These findings suggest that combined treatment with ET and AI is an effective therapeutic tool for the improvement of fertility in repeat breeder cattle.

Data in the present study indicate that adding embryos allows the secretion of IFNT to support and establish pregnancy in repeat breeder cattle. This hypothesis was confirmed by increased levels in ISG mRNA expression in peripheral white blood cells at 7 days post-ET following AI compared to the AI + sham group ([Fig. 1](#fig_001){ref-type="fig"}). Similar to previous studies, the mRNA expression of ISGs in the white blood cells was higher in pregnant animals than in non-pregnant animals ([Fig. 2](#fig_002){ref-type="fig"}) \[[@r26],[@r27],[@r28],[@r29],[@r30],[@r31]\]. Importantly, the co-transfer of bovine trophoblast vesicles with IVF embryos increases the fertility of demi-embryos during the early stages of pregnancy, suggesting that adding trophoblasts (vesicles or embryo) appear to have a potential role in maternal pregnancy recognition via enhanced IFNT secretion \[[@r32], [@r33]\]. In addition to its intrauterine function, IFNT produced by the conceptus passes through the endometrium and enters the uterine vein \[[@r34]\], playing a crucial role in the transformation of tissues during pregnancy via the systemic immune system \[[@r35]\]. Indeed, the expression levels of interleukin 4 (IL-4) and IL-10 inducing immune tolerance were higher in peripheral blood immune cells from pregnant cows than in those from non-pregnant cows \[[@r31], [@r36]\], and IFNT treatment significantly suppressed IL-1β and tumor necrosis factor-α as the major pro-inflammatory cytokines in bovine immune cells \[[@r37]\]. These findings suggest that IFNT generates an anti-inflammatory response in immune cells and provides an immunological tolerance to accept the embryo. Furthermore, IFNT also plays a role in regulating embryonic development and elongation in ruminants. IFNT promotes development to the blastocyst stage *in vitro* \[[@r38]\], and a loss-of-function study on IFNT demonstrated a reduced IFNT secretion, which resulted in severely growth-retarded and malformed conceptuses \[[@r39]\]. Therefore, it is suggested that ET following AI comprehensively increases the amount of IFNT in repeat breeder cattle, and the additional IFNT supports a maternal environment for pregnancy.

From the data showing that the conception rate was improved by supplementing IFNT via added embryos, it can be assumed that IFNT production from original embryos in repeat breeder cattle is low. However, to our knowledge, there is no previous report on IFNT production from the embryos of repeat breeder cattle. On the other hand, there are some studies investigating the oocytes or follicular fluid of repeat breeder cattle. For example, the yield of oocytes and their quality from repeat breeder dairy cows was lower than that from healthy dairy cows \[[@r11], [@r13]\]. Moreover, after ovum pickups and IVF, blastocyst production was markedly lower in repeat breeder cows than in healthy control cows \[[@r10]\]. Interestingly, Kafi *et al*. \[[@r14]\] reported that the supplementation of *in vitro* oocyte maturation media with follicular fluid collected from repeat breeder Holstein heifers significantly reduced the *in vitro* nuclear maturation, fertilization, and blastocyst yield. These findings demonstrated that oocytes and follicles of repeat breeder cattle qualitatively decline, suggesting that the quality of embryos and IFNT production may be low as a result of the deterioration of the maternal ovarian microenvironment.

In addition to the endocrine condition and maternal ovarian microenvironment, it is suggested that the uterine environment of repeat breeder cattle is less suitable for supporting successful embryo development. Using the ET technique, Gustafsson and Larsson \[[@r40]\] reported that a lower ratio of embryos were transferred from healthy heifers to repeat breeder heifers (two out of nine) than from repeat breeder heifers to healthy heifers (five out of six). Moreover, Kimura *et al*. \[[@r41]\] reported essential data using an elongated ET technique, in which elongating embryos collected from normal cows on day 14 were transferred to healthy control or repeat breeder cows, resulting in a lower pregnancy rate within repeat breeder cows (2.4%) than within reproductive control cows (54.5%). Furthermore, it is reported that endometrial gene expression profiles are different between repeat breeder cows and non-repeat breeder cows \[[@r42]\]. These findings indicate that the uterine environment of repeat breeder cattle is suboptimal and gradually deteriorates in terms of supporting normal embryonic development.

Many attempts to use hormonal treatment have been undertaken to improve the conception of repeat breeder cattle. Katagiri *et al*. \[[@r9], [@r43]\] demonstrated that an alteration in the cyclic change of endometrial EGF concentrations was displayed in repeat breeder Holstein cows but not heifers. They showed that recipient cows with EGF levels below the normal range on day 3 exhibited a lower conception rate (equal to repeat breeder cows) than those with EGF levels within the normal range. Moreover, repeat breeder cows with low EGF levels were treated with a high dose of estradiol benzoate and a CIDR device showed the restoration of a normal EGF profile and higher fertility. Interestingly, Lange-Consiglio *et al*. \[[@r44]\] attempted to improve fertility in repeat breeder cattle by using platelet concentrate (PC); they showed in an *in vitro* study that PC had the potential to increase embryo production and quality. Remarkably, the intrauterine administration of PC to repeat breeder cows at 48 h after AI significantly improved the pregnancy rate (70%) compared to that of the control group (33.3%). The study also discussed the role of platelets as a regulatory factor producing many cytokines, such as EGF, platelet derived growth factor, and fibroblast growth factor, determining that these cytokines are able to stimulate bovine embryo development \[[@r44]\]. These findings indicate the importance of cytokine conditions within the uterine environment for the establishment of pregnancy. From these results, we hypothesize that ET following AI may have the potential to regulate the uterine microenvironment and improve conception in repeat breeder cattle; however, further investigations are required to confirm this hypothesis.

Because embryos can be generated with ET following AI, the increase in the proportion of twin pregnancies is concerning. It has been reported that the proportion of twins occurring during normal AI is 0.3%--5% in dairy cattle \[[@r45]\]. Previously, Sreenan and Diskin \[[@r46]\] reported that the rate of twinning was 55%--60% with ET following AI in control heifers. Conversely, in our study, the rate of twin occurrence in repeat breeder cattle was 18.4%, lower than their result and consistent with previous studies conducting ET following AI, reporting rates of 6.25% \[[@r1]\] and 8.8% \[[@r8]\]. Although the ratio of labor accident is unknown in the present study, it is necessary to consider an alternative method that avoids twin generation for the improvement of conception in repeat breeder cattle in the future.

In conclusion, ET following AI is beneficial for the improvement of conception in repeat breeder cattle. Added embryos produce and secrete IFNT, resulting in an increased expression of ISGs. Additionally, it is suggested that added embryos may have the potential to regulate the uterine microenvironment to establish pregnancy in repeat breeder cattle.
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